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(57) The magnetic powder for validity determining 
ink is composed of magnetic oxide powder having a Cu- 



rie temperature between -50°C and 150°C and a mean 
powder particle diameter of 10|im or less. 
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Description 

BACKGROUND OF THE INVENTION 
1 . Field of the Invention 

[0001 ] The present invention relates to magnetic pow- 
der for validity determining ink, a manufacturing method 
for magnetic powder for validity determining ink, mag- 
netic inkfor validity determination, a printing member for 

validity determination, a detecting device for the printing 
member for validity determination, and a validity deter- 
mining device which are applied to printing of, for exam- 
ple, health insurance cards and ID cards having intrinsic 
numbers respectively, Shinkansen reserved tickets is- 
sued by travel agencies and ticket centers, tickets hav- 
ing the value printed on specific forms such as concert 
tickets, andsecurities such as bank tickets, bills, stocks, 
and gift certificates. 

2. Description of the Related Art 



[0002] Forgery preventive measures for notes as 
money, securities, and cards having the value equal to 
cash are taken. Particularly, an art for printing a certain 
kind of information on a paper sheet with magnetized 
ink and magnetically detecting the information is easy 
in recording and erasing information and used widely. 
Further, recently, for example, as disclosed in U.S. Pat- 
ent No. 5,533,759 (Jeffers, July 9, 1996), an objective 
document is printed using magnetic ink including a mag- 
netic pigment having a Curie temperature lower than 
130°C and the printed part is magnetized in an optional 
magnetic pattern. The magnetized part is heated at least 
up to 130°C using a heat lamp. The validity of the doc- 
ument is determined depending on whetherthe magnet- 
ic pattern is destroyed by heat in the temperature region 
beyond the Curie point or not. However, in U.S. Patent 
No. 5,533,759 mentioned above, the particle diameter 
of the magnetic pigment included in the magnetic ink is 
not disclosed. When the particle diameter of the mag- 
netic pigment is larger than a predetermined value, the 
magnetic pigment cannot respond sufficiently to the 
high resolution like printing by an ink jet printer. Further, 
when the particle diameter of the magnetic pigment is 
largerthan a predetermined value andthe magnetic pig- 
ment is printed on a paper sheet, particularly the mag- 
netic information recorded on the surface is gradually 
torn off due to friction with the magnetic detection head 
during reading and it is anxious that the SN ratio may 
be reduced during reading of the information. 
[0003] On the other hand, as input-output devices 
such as scanners, printers, and copying machines, per- 
sonal computers, and image processing software have 
been highly advanced recently, even devices on sale 
can commit highly precise forge. In order to respond to 
this situation , various forgery preventive arts are applied 
to securities and individual authentication ID cards. Par- 



ticularly, from the viewpoint of that information is invisi- 
ble to a human, arts using a magnetic material are wide- 
ly used. For example, in securities, an art for printing a 
predetermined area with magnetic ink with magnetic 
5 powder mixed and determining the validity by detecting 
the existence of magnetism or the magnetic pattern it- 
self is known. Further, in IC cards, it is known to mag- 
netically record information on a magnetic stripe, repro- 
duce it, and authenticate an individual. 
w [0004] As mentioned above, generally, output detec- 
tion by magnetism can respond to determination of the 
validity by high-speed reading comparatively easily, so 
that it has been used in various fields. However, the con- 
ventional method determines the validity depending on 
is judgment of whether there is magnetic information in a 
predetermined position or not, so that using a material 
of Fe 3 0 4 or others which can be obtained comparatively 
easily, forging arts using the latest printing art are gen- 
erated frequently. 
20 [0005] In the aforementioned magnetic forgery pre- 
ventive art, a recording and reproducing apparatus can 
be prepared comparatively simply and can read record- 
ed information easily, so that an art having weak resist- 
ing force to forgery and a high security property is re- 
25 quired. 



SUMMARY OF THE INVENTION 

[0006] An object of the present invention is to obtain 
30 magnetic powder for validity determining ink which is 
satisfactory in output and durability, applicable to vari- 
ous printing arts, and high in the reliability, determining 
speed, and forgery preventive effect. 
[0007] Another object of the present invention is to 

35 provide a manufacturing method for magnetic powder 
for validity determining ink which is satisfactory in the 
durability, applicable to various printing arts, high in the 
reliability,' determining speed, and forgery preventive ef- 
fect, and easily capable of obtaining a desired particle 

40 diameter. 

[0008] Furthermore, still another object of the present 
invention is to provide magnetic ink for validity determi- 
nation that is satisfactory in the durability, applicable to 
various printing arts, and high in the reliability, determin- 
es ing speed, and forgery preventive effect. 

[0009] A further object of the present invention is to 
provide a printing member for validity determination that 
is satisfactory in the durability and high in the reliability, 
determining speed, and forgery preventive effect. 
50 [0010] A still further object of the present invention is 
to provide a detecting device for a printing member for 
validity determination that is high in the reliability, deter- 
mining speed, and forgery preventive effect. 
[0011] Yet a further object of the present invention is 
55 to provide a validity-determining device for a printing 
member for validity determination that is high in the re- 
liability, determining speed, and forgery preventive ef- 
fect. 
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[0012] According to the present invention, magnetic 
powder for validity determining ink comprising magnetic 
oxide powder having a Curie temperature between 
-50°C and 150°C and a mean powder particle diameter 
of 1 0 pirn or less is provided. 5 
[0013] Furthermore, according to the present inven- 
tion, a manufacturing method for magnetic powder for 
validity determining ink is provided and the manufactur- 
ing method comprises the steps of dissolving a magnet- 
ic oxide and a glass forming material to obtain a mixture 10 
thereof; cooling the mixture rapidly to make the amor- 
phous magnetic oxide; heat-treating the amorphous 
mixture to crystallize the magnetic oxide; and removing 
the glass forming material from the crystallized mixture 
to obtain magnetic oxide powder having a mean crystal '5 
particle diameter of 10 jim or less. 
[0014] Further, according to the present invention, 
magnetic ink for validity determination including first 
magnetic powder having a first Curie temperature be- 
tween -50°C and 1 50°C and a mean powder particle di- 20 
ameter of 10 ujti or less is provided. 
[0015] Furthermore, according to the present inven- 
tion, a printing member for validity determination is pro- 
vided and the printing member for validity determination 
comprises a base; a first magnetic image printed on the 25 
base with the first magnetic ink including first magnetic 
powder having a first Curie temperature; and a second 
magnetic image printed on the base with second mag- 
netic ink including second magnetic powder having a 
second Curie temperature higher than that of the first so 
magnetic powder. 

[0016] Further, according to the present invention, a 
detecting device for a printing member for validity deter- 
mination is provided and the detecting device comprises 
means for conveying a printing member for validity de- 35 
termination having the first magnetic image printed with 
the first magnetic ink including the first magnetic powder 
having the first Curie temperature and the second mag- 
netic image printed with the second magnetic ink includ- 
ing the second magnetic powder having the second Cu- *o 
he temperature higher than that of the first magnetic 
powder; a heater for heating the printing member for va- 
lidity determination to a temperature higher than the first 
Curie temperature and lower than the second Curie tem- 
perature; and magnetic characteristic detecting means ^ 
for detecting magnetic characteristics from the heated 
printing member for validity determination. 
[0017] Furthermore, according to the present inven- 
tion, a validity determining device is provided and the 
validity determining device comprises means for con- so 
veying a printing member for validity determination hav- 
ing the first magnetic image printed with the first mag- 
netic ink including the first magnetic powder having the 
first Curie temperature and the second magnetic image 
printed with the second magnetic ink including the sec- 55 
ond magnetic powder having the second Curie temper- 
ature higher than that of the first magnetic powder; a 
heater for heating the printing member for validity deter- 



mination to a temperature higher than the first Curie 
temperature and lower than the second Curie tempera- 
ture: a first magnetic detecting section installed at the 
preceding stage of the heater for detecting magnetic 
characteristics from the printing member for validity de- 
termination; a second magnetic detecting section in- 
stalled at the later stage of the heater for detecting mag- 
netic characteristics from the printing member for valid- 
ity determination; and a validity determining section for 
determining the validity of the printing member for valid- 
ity determination from a first detected magnetic pattern 
detected by the first magnetic detecting section and a 
second detected magnetic pattern detected by the sec- 
ond magnetic detecting section. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] 

Fig. 1 is a graph showing the relationship between 
the Zn substitution ratio X of NiZn ferrite series mag- 
netic powder used in the present invention with the 
Curie temperature; 

Fig. 2 is a schematic view showing an example of 
a manufacturing apparatus used in the manufactur- 
ing method for magnetic powder of the present in- 
vention; 

Fig. 3 is a schematic plan view of an individual au- 
thentication card that is an example of a printed-pa- 
per of the present invention; 

Fig. 4 is a graph showing the relationship between 
the temperature and the magnetization intensity as 
a magnetic property of the first magnetic ink and a 
magnetic property of the second magnetic ink; 
Fig. 5 is a schematic view showing a detecting de- 
vice of the present invention: 
Fig. 6 is a graph showing a detected record at nor- 
mal temperature; 

Fig. 7 is a graph showing a detected record at a tem- 
perature between the Curie temperature of the first 
magnetic ink and the Curie temperature of the sec- 
ond magnetic ink; 

Fig. 8 is a plan view showing another example of a 
printed-paper for validity determination relating to 
the present invention; 

Fig. 9 is a graph showing the waveform of a detect- 
ed signal obtained by a sensor; and 
Fig. 10 is a graph showing the waveform of a de- 
tected signal obtained by a sensor. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0019] The magnetic powder for validity determining 
ink of the present invention is practically composed of 
magnetic oxide powder and the magnetic oxide powder 
has a Curie temperature between -50°C and 1 50°C and 
a mean crystal particle diameter of 10 urn or less. 
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[0020] Further, the manufacturing method for mag- 
netic power for validity determining ink of the present 
invention indicates an example of the manufacturing 
method for the aforementioned magnetic powder and 
includes a step of mixing and dissolving a magnetic ox- 
ide and a glass forming material, a step of cooling the 
obtained mixture rapidly and making the amorphous 
magnetic oxide, a step of heat-treating the cooled mix- 
ture thereafter and crystallizing the magnetic oxide, and 
a step of removing the glass forming material from the 
mixture and obtaining magnetic oxide powder with a 
mean powder particle diameter of 10 urn or less. 
[0021] Furthermore, the ink for validity determination 
of the present invention contains the aforementioned 
magnetic powder, that is, magnetic oxide powder having 
a Curie temperature between -50°C and 150°C and a 
mean powder particle diameter of 10 u,m or less. 
[0022] As mentioned above, the present invention us- 
es magnetic oxide powder with a mean powder particle 
diameter of 1 0 u,m or less. 

[0023] When the particle diameter of magnetic pow- 
der for validity determination is 1 0 |xm or less, it is easily 
mixed in the fibers of the print base, for example, paper 
during printing and the amount of magnetic powder ex- 
isting on the paper surface is reduced. By doing this, the 
omission of magnetic powder due to magnetic detection 
is greatly reduced and the durability is greatly improved. 
The mean powder particle diameter of magnetic powder 
is preferably 5 nm to 5 urn and most preferably 5 nm to 
1 u.m. 

[0024] Further, according to the present invention, 
when the particle diameter is decreased, the color depth 
due to a pigment becomes light so that the color can 
be adjusted by a combination of various pigments. Fur- 
ther, the dispersibility of pigments is satisfactory, so that 
magnetic powder in ink can be dispersed uniformly and 
the detection output becomes larger. 
[0025] According to the present invention, as a mag- 
netic material, from the viewpoint of durability, an oxide 
is used. As a constitution of an oxide, the crystal struc- 
tures such as the perovskite type, garnet type, hexago- 
nal type, and spinel type may be cited. 
[0026] The mean powder particle diameter can be 
easily obtained by setting the maximum length of each 
particle as a particle diameter and averaging those of 
20 or more particles obtained from the TEM observation. 
Or, when a calibration curve of the value and specific 
surface area can be obtained, the mean particle diam- 
eter can be obtained from the specific surface area. 
[0027] Further, according to the present invention , the 
Curie temperature of magnetic powder can be used for 
validity determination and in the present invention, at 
least one kind of magnetic powder having a Curie tem- 
perature within the range from -50 to 1 50°C is used. The 
reason is that when magnetic powder having a Curie 
temperature within the range from -50 to 1 50°C is used, 
by changing the temperature comparatively easily, the 
magnetic detection output is greatly changed and best 



reversibility of detection output is obtained. By doing 
this, reliable validity determination can be executed sim- 
ply. 

[0028] Furthermore, within this temperature range, 
5 the magnetic permeability at just the Curie temperature 
is very high and the detection sensitivity is extremely 
satisfactory. On the other hand, when the Curie temper- 
ature is higher than 150°C, the surface temperature is 
easily varied and a place where the output is changed 
10 and a place where no output is changed may be gener- 
ated due to it. so that accurate binary coding becomes 
difficult. On the other hand, when the Curie temperature 
is lower than -50°C ; the magnetic permeability of mag- 
netic powder is reduced, so that the output itself is re- 
15 duced and the variation in the neighborhood of the Curie 
temperature is made smaller. 

[0029] In the magnetic ink for validity determination of 
the present invention, at least one kind of another mag- 
netic powder different in the Curie temperature from the 
20 magnetic powder of the present invention can be mixed 
additionally. 

[0030] The setting of Curie temperature can be real- 
ized in the same component system under control of the 
composition. A different composition system having a 
25 different Curie temperature can be mixed. 

[0031] Further, in the magnetic ink for validity deter- 
mination of the present invention, at least one kind of 
still another magnetic powder different in the coercive 
force from the magnetir powder of the present invention 
30 can be mixed additionally. 

[0032] The setting of coercive force can also be real- 
ized in the same component system under control of the 
composition, though a different composition system 
having a different coercive force can be mixed. 
35 [0033] Magnetic oxide powder is preferable to be fer- 
rite series magnetic powder having coercive force of 
20,000 A/m or less. 

[0034] It is also possible to use a combination of an- 
other magnetic powder different in the Curie tempera- 
40 ture and still another magnetic powder different in the 
coercive force. 

[0035] It is also possible to prepare various types of 
ink for validity determination including another magnetic 
powder and still another magnetic powder and print us- 
45 ing them respectively. 

[0036] As mentioned above, by use of a combination 
of several kinds of magnetic powder, printed papers 
having a higher security property can be provided. 
[0037] As magnetic oxide powder, soft magnetic fer- 
50 rite such as NiZn ferrite, MnZn ferrite, and CuZn ferrite 
is desirable. Further, it is desirable to replace a part of 
Ni ferrite and Mn ferrite with Zn so as to control the Curie 
temperature. Particularly, since the coercive force of 
magnetic powder including Ni oxide is low and the de- 
55 tection sensitivity is increased, it is desirable. 

[0038] In Fig. 1, as an example, the relationship be- 
tween the Zn substitution ratio X of NiZn ferrite 
(Ni Vx Zn x Fe 2 0 4 ) series magnetic powder preferably 
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used in the present invention with the Curie temperature 
is shown. 

[0039] As shown in the drawing, it is found that even 
if the same NiZn ferrite is used, the Curie temperature 
greatly varies with the component constitution. Adjust- 
ing the component constitution of an element having a 
Curie temperature and coercive force within the desired 
ranges can use the magnetic powder used in the 
present invention. 

[0040] At the time of detection of magnetic output, by 
heating by a heater lamp or cooling by spraying cooling 
gas such as dry ice, the detection output can be ob- 
tained a! every desired temperature. 
[0041] Changing the composition can control the Cu- 
rie temperature ol magnetic powder, for example, by 
partially replacing Ni or Mn of Nli ferrite or Mn ferrite that 
is a basic component with Zn or Cd. preferably Zn. 
[0042] The mnnufactunng method for magnetic pow- 
der for vnltUiiy determining ink has a step of mixing and 
dissolving n nnynetic oxide and a glass forming mate- 
rial, then cooing the mixture rapidly : and making the 
magnetic oxide among the mixture amorphous, a step 
of heat-trealirg :hc amorphous magnetic oxide and 
crystallizing the amorphous magnetic oxide among the 
mixture, and a step of removing the glass forming ma- 
terial from the crystallized mixture and obtaining mag- 
netic oxide powder with a mean powder particle diame- 
ter of 10 j.tm or less 

[0043] As a glass forming material. B 2 0 3 or P 2 O s can 
be used. 

[0044] Fig. 2 is a schematic view showing an example 
of a manufacturing apparatus used in the manufacturing 
method for magnetic powder of the present invention. 
[0045] As shown in Fig. 2 : the manufacturing appara- 
tus has a platinum crucible 40 having a nozzle 43 at its 
lower end, a high frequency induction-heating coil 41 ar- 
ranged around the crucible 40 : and a rapid cooler 47 
composed of a pair of iron rollers 45 and 46 installed 
under the nozzle 43. 

[0046] In an example of the method of the present in- 
vention, in the crucible 40, both B 2 0 3 as a glass forming 
material and a magnetic oxide material such as NiZn 
ferrite are housed. By heating up to about 1,400°C to 
1 ,500°C by the high frequency induction heating coil 41 , 
the glass forming material and magnetic oxide material 
are dissolved and mixed. After dissolved and mixed, in 
the neighborhood of a press contact portion 48 on the 
rollers 45 and 46 of the rapid cooler 47, the dissolved 
mixture is ejected. The pair of rollers 45 and 46 are 
pressed in contact with each other and rotated in the 
directions of the arrows at high speed so that the rota- 
tional direction of the press contact portion 48 is syn- 
chronized with the ejection direction of the dissolved 
mixture. The ejected dissolved mixture is rapidly cooled 
on the rollers 45 and 46, passes the press contact por- 
tion, and is formed as a ribbon-shaped or flake-shaped 
amorphous material. Then, the obtained amorphous 
material is heat-treated and crystallized to a magnetic 



oxide. 

[0047] The material of the cooler 47 used for rapid 
cooling of the dissolved mixture is preferable to be, for 
example, Fe or Cu and the material of the pair of rollers 

5 is particularly preferable to be an Fe alloy from the view- 
point of durability. The peripheral speed of the rollers, 
although depending on the feed amount of a molten ma- 
teria!, is preferable to be within the range from 0.1 to 30 
m/s. The heat-treating condition, although depending on 

10 the composition, is, for example, 1 0 minutes to 1 0 hours 
at 650 to 900°C. 

[0048] Hereafter, the glass-forming component is re- 
moved from the heat-treated mixture by cleaning it using 
a weak acid solution; for example, a dilute acetic acid 

is and magnetic powder can be taken out. 

[0049] According to this method, magnetic oxide fine 
particles are well dispersed in the crystallized mixture 
because the mutual interfaces of magnetic oxide fine 
particles are isolated by the glassy phase and after 

20 cleaning, magnetic oxide fine particles having an equal 
particle diameter can be obtained easily. 
[0050] The mean powder particle diameter of magnet- 
ic powder can be controlled, for example, by properly 
changing the composition ratio of a magnetic oxide and 

25 a glass forming material, the peripheral speed of the 
cooler, and the heat-treating temperature after rapid 
cooling, and the heat-treating time. 
[0051 ] The printing member for validity determination 
of the present invention, is used to detect a magnetic im- 

30 age indicating magnetic characteristics at a temperature 
higher than the first Curie temperature of the first mag- 
netic powder and lower than the second Curie temper- 
ature of the second magnetic powder and has the first 
magnetic image printed with the first magnetic ink in- 

35 eluding the first magnetic powder having the first Curie 
temperature and the second magnetic image printed 
with the second magnetic ink including the second mag- 
netic powder having the second Curie temperature high- 
er than that of the first magnetic powder. 

40 [0052] The first and second magnetic images may be 
such that for example, when one of them is a magnetic 
background image, the other is a magnetic data image. 
[0053] Further, on the first magnetic image, the sec- 
ond magnetic image can be overprinted. 

45 [0054] Furthermore, the detecting device for the print- 
ing memberfor validity determination has the aforemen- 
tioned printing member for validity determination, a 
heater for heating the printing member for validity deter- 
mination to a temperature higher than the first Curie 

50 temperature and lower than the second Curie tempera- 
ture, and a means for detecting a magnetic data image 
of the heated printing member for validity determination. 
[0055] In this case, the first magnetic powder and sec- 
ond magnetic powder are preferable to be magnetic 

55 powder mainly composed of an iron oxide from the view- 
point of the environmental adaptability and detection. As 
such an iron oxide, for example, NiZn ferrite, CuZn fer- 
rite, MnZn ferrite, and CuZuMg ferrite may be cited. Par- 
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ticularly, MnZn ferrite, CuZn ferrite, and NiZn ferrite can 
easily control the Curie temperature and the detection 
sensitivity thereof is high. 

[0056] Further, as at least one of the first magnetic 
powder and second magnetic powder, it is preferable to 
use oxide magnetic powder practically composed of ox- 
ide magnetic powder having a Curie temperature be- 
tween -50°C and 1 50°C and a mean powder particle di- 
ameter of 1 0 u-m or less relating to the present invention. 
Such magnetic powder has characteristics that the dis- 
persibility in magnetic ink is satisfactory, and necessary 
information can be precisely written in a fine position in 
a predetermined place, and satisfactory durability, high 
output, and high sensitivity are realized, and the relia- 
bility is high. 

[0057] Particularly, as such an iron oxide, magnetic 
powder having a mean powder particle diameter of 5 nm 
to 5 u.m is preferable to be used and in this magnetic 
powder, the aforementioned characteristics are more 
satisfactory. 

[0058] The mean powder particle diameter is more 
preferably 5 nm to 1 u.m. 

[0059] Furthermore, by changing the amount of mag- 
netic powder in two kinds of ink to be printed, the detec- 
tion pattern can be changed. 

[0060] Further, the means for detecting a magnetic 
data image can be composed of the first magnetic de- 
tecting section and second magnetic detecting section 
installed at the preceding stage and later stage of the 
heater respectively. 

[0061 ] Furthermore, in the validity determining device 
of the present invention, a validity determining section 
for determining the validity from the first detected mag- 
netic pattern by the first magnetic detection section and 
the second detected magnetic pattern by the second 
magnetic detection section is additionally installed in the 
detecting device. 

[0062] The present invention will be explained in de- 
tail hereunder with reference to the accompanying 
drawings. 

[0063] Fig. 3 is a schematic view of an individual au- 
thentication card that is an example of a printed-paper 
of the present invention. 

[0064] An individual authentication card 11 has a 
magnetic background image 12 printed on a card base 
10 at random with the first magnetic ink including the 
first magnetic powder having a low Curie temperature 
higher than the room temperature, a magnetic data im- 
age 13 in a bar code pattern shape printed on the mag- 
netic background image 12 with the second magnetic 
ink including the second magnetic powder having a Cu- 
rie temperature higher than that of the first magnetic 
powder in correspondence with predetermined informa- 
tion, a face photograph 14 of the said person printed 
with ordinary color ink, and an authentication number 
not shown in the drawing. 

[0065] As mentioned above, on the individual authen- 
tication card 1 1 , the face photographs of the said person 



and authentication number are printed and a security art 
composed of the magnetic background image 12 and 
the magnetic data image 13 is additionally provided. 
[0066] Fig. 4 shows a graph indicating the relationship 
5 between the temperature and the magnetization inten- 
sity as a magnetic property 21 of the first magnetic ink 
and a magnetic property 22 of the second magnetic ink. 
Here, Ta indicates a standard room temperature (20 to 
30°C), and T1 indicates the Curie temperature of the 
10 first magnetic ink, that is, the temperature at which the 
magnetization is eliminated, and T2 indicates the Curie 
temperature of the second magnetic ink, and the first 
magnetic ink and second magnetic ink are designed so 
that Ta < T1 < T2 is held. The magnetization intensity of 
15 the first magnetic ink at the room temperature Ta is pref- 
erably higher than the magnetization intensity of the 
second magnetic ink. 

[0067] As a combination having such a magnetic 
property, for example, in Ni 1 . x Zn x Fe 2 0 4 , there are two 
20 kinds of combinations such asx = 0.7 and x = 0.8. By 
use of it, two Curie temperatures can be set. Further, in 
Mn 1 . x Zn Fe 2 0 4 , even when y = 0.80 and y = 0.90 are 
set, magnetic powder having a different Curie tempera- 
ture can be set. Furthermore ; a combination of different 
25 constituent elements, for example, a combination of 
NiZn ferrite and MnZn ferrite is also acceptable. When 
these materials are used as magnetic powder, particu- 
larly high effects can be obtained. 
[0068] Figs. 5 to 7 are drawings for explaining the de- 
30 tecting method for the printing member for validity de- 
termination relating to the present invention. Fig. 5 is a 
schematic view showing a detecting device of the 
present invention, and Fig. 6 is a graph showing a de- 
tected record at the normal temperature Ta, and Fig. 7 
35 is a graph showing a detected record at a temperature 
To between T1 and T2. 

[0069] As shown in Fig. 5, a detecting device 31 com- 
prises a conveyor 35 composed of, for example, a belt- 
shaped member for conveying the same individual au- 
40 thentication card 1 1 as that shown in Fig. 3, a first sensor 

32 composed of a magnetic detecting section, a heater 
34 composed of a halogen lamp, and a second sensor 

33 composed of a magnetic detecting section. Further- 
more, the detecting device 31 has a validity determining 

45 section 36 that is connected to the first sensor 32 and 
the second sensor 33, receives respective detection sig- 
nals from the first sensor 32 and the second sensor 33, 
and determines the validity. 

[0070] The first sensor 32 detects magnetic output at 
so the rough room temperature Ta in the area where the 
magnetic data image 13 printed with the second mag- 
netic ink in correspondence to predetermined informa- 
tion is overwritten on the magnetic background image 
12 printed on the individual authentication card 11 with 
55 the first magnetic ink. Thereafter, the area is heated up 
to a temperature of To between the first Curie tempera- 
ture and the second Curie temperature by the heater 34 
and the magnetic output at that time is detected by the 
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second sensor 33. In this case, the first sensor 32 and 
the second sensor 33 are arranged at two positions 
above and below the conveyor 35 respectively so as to 
increase the SN ratio. As a heater 34, in addition to the 
halogen lamp, a predetermined heater or a heat roller 
may be used. 

[0071 ] Figs. 6 and 7 show the detected records by the 
first sensor 32 and the second sensor 33 in the area A- 
A* shown in Fig. 3 as graphs indicating the relationship 
between the time and the magnetic output respectively. 
The output of the first sensor 32, since the detection 
temperature is the room temperature Ta, detects the 
magnetic background image 12 printed with the first 
magnetic ink at random and the shape of the graph, as 
srown in Fig. 6, is detected as a noise-shape pattern of 
h»gn output On the other hand, since the temperature 
<n tnc detection area is increased to a temperature of To 
n.gncr inan the Curie temperature T1 of the first mag- 
netic ink the magnetization of the magnetic background 
hi nqo 1 2 becomes zero, so that the output of the second 
sensor 33 can detect the bar code pattern of the mag- 
nchc data image 1 3 overwritten in this area at a high SN 
mho 

[0072] Furthermore, the magnetic output of the first 
sensor 32 and the magnetic output of the second sensor 
33 are input to the validity determining section 36. In this 
case, at the room temperature Ta, the noise pattern of 
high output is increased to a temperature of To, so that 
from the change in the magnetic output that it can be 
detected as a predetermined bar code pattern, the va- 
lidity determining section 36 determines whether the in- 
dividual authentication card 11 is a true card based on 
a predetermined specification or not and can send a va- 
lidity determining signal 37 to a system not shown in the 
drawing. 

[0073] The present invention will be explained con- 
cretely hereunder by indicating the embodiments. 

Embodiment 1 and Comparison example 1: 

[0074] Magnetic powder Ni 025 Zn 0 75 Fe 2 0 4 having a 
mean powder particle diameter of 0.1 p.m and a Curie 
temperature of 80°C, resin, and dispersant are mixed 
so as to form ink. A paper is prepared as a base and a 
bar code is printed on the paper using the obtained mag- 
netic ink. The coercive force of the used magnetic pow- 
der is 7110 A/m. 

[0075] The obtained printed-paper is applied to a va- 
lidity-determining device having the same constitution 
as that shown in Fig. 5. Firstly, a signal of the obtained 
printed-paper is detected using the first sensor 32 com- 
posed of a non-contact reading head at room tempera- 
ture. Thereafter, the printed paper is heated up to 1 30°C 
or more by the heater 34 composed of a heater lamp 
and immediately after, a signal is detected again using 
the second sensor 33 composed of a non-contact read- 
ing head having the same constitution. As a result, a 
signal of 22 mVp-p is obtained at room temperature, 



though in the latter case, no signal is obtained. Even if 
the operation is repeated 1000 times in a short time, no 
change is observed in the detected signal. 
[0076] As Comparison example 1 , the same evalua- 

5 tion is made using magnetic ink produced using Cr0 2 
as a magnetic pigment. The obtained output is extreme- 
ly small and cannot be detected unless it is amplified 
considerably. When it is evaluated by "3M Viewer" after 
the temperature is raised up to the Curie temperature 

10 or more once, although data erasure can be ascertained 
surely, it is found that writing and erasure confirmation 
require a lot of time, thereby validity determination at 
high speed is difficult. 

[0077] As mentioned above, it is obvious that for the 
75 magnetic ink of the present invention and an article us- 
ing it, validity determination can be executed easily and 
quickly. 

Embodiment 2 and Comparison example 2: 

20 

[0078] Magnetic powder Ni 02 Zn 0 8 Fe 2 0 4 having a 
mean powder particle diameter of 50 nm, a Curie tem- 
perature of 40°C, and coercive force of 9480 A/m and 
magnetic powder Ni 0 25 Zn 0 75 Fe 2 0 4 having a mean 

25 powder particle diameter of 70 nm, a Curie temperature 
of 80°C, and coercive force of 8000 A/m at a rate of 1 : 
7, resin, and dispersant are mixed so as to form ink. Us- 
ing the obtained magnetic ink, in the same way as with 
Embodiment 1, a bar code is printed on a paper. The 

30 magnetic powder used is a one produced by the glass 
crystallization method. A signal of the obtained printed- 
paper is detected in the same way as with Embodiment 
1. 

[0079] As a result, a signal of 32 mVp-p is obtained 
35 at room temperature and a signal of 1 5 rnVp-p is ob- 
tained at 60°C ; though no signal is obtained under the 
heating condition. Even if the operation is repeated 1 000 
times in a short time, no change is observed in the de- 
tected signal. 

40 [0080] As Comparison example 2, the same evalua- 
tion is made using magnetic ink produced using Cr0 2 
with a particle diameter of 20 u,m as a magnetic pigment. 
In this case, the output is small such as about 0.1 mVp 
- p and even if the operation is repeated 1 000 times, the 

45 output is extremely small and cannot be measured. 
[0081 ] As mentioned above, high reliability that valid- 
ity determination can be executed easily for the mag- 
netic ink of the present invention and an article using it 
and can sufficiently withstand the repetition can be ob- 

50 tained. 

Embodiment 3 and Comparison example 3: 

[0082] Magnetic ink A (Embodiment 3) obtained by 
55 mixing Ni 03 Zn 0 7 Fe 2 0 4 having a mean crystal particle 
diameter of 80 nm and a Curie temperature of 120°C, 
resin, and dispersant and magnetic ink B (Comparison 
example 3) obtained by mixing Ni 0 7 Zn 0 3 Fe 2 0 4 having 
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a Curie temperature of 430°C or more, a mean crystal 
particle diameter of 14 pjn, and coercive force of 790 N 
m and the same resin and dispersant are prepared re- 
spectively. Papers are printed using the obtained two 
kinds of magnetic ink respectively. The magnetic pow- 
der of the embodiment is a one produced by the glass 
crystallization method and the magnetic powder of the 
comparison example is a one produced by a method for 
obtaining magnetic powder by preparing and calcining 
iron oxide, zinc oxide, and nickel oxide so as to obtain 
a predetermined ratio. 

[0083] Fig. 8 is a plan view showing another example 
of a printed-paper for validity determination relating to 
the present invention viewed from above. As shown in 
the drawing, the printed-paper has a predetermined pat- 
tern 111 printed on a paper 120 using the magnetic ink 
B having a high Curie temperature and predetermined 
patterns 112 and 113 printed using the magnetic ink A 
having a low Curie temperature. A signal of the obtained 
printed paper is detected by the first sensor 32 at normal 
temperature, and then the magnetic ink is heated up to 
about 150°C by the heater 34 composed of a heater 
lamp, and a signal is detected by the second sensor 33 
again. 

[0084] In Figs . 9 and 10, the waveform of the detected 
signal obtained by the first sensor 32 and the waveform 
of the detected signal obtained by the second sensor 33 
are shown respectively. In the drawing, numeral 111a 
indicates a peak of the pattern 111 using the magnetic 
ink B having a high Curie temperature, and numeral 
112a indicates a peak of the pattern 1 1 2 using the mag- 
netic ink A having a low Curie temperature , and numeral 
1 13a indicates a peak of the pattern 113 using the mag- 
netic ink A having a low Curie temperature. As shown 
in the drawings, the peaks 112a and 113a of the mag- 
netic ink A having a low Curie temperature obtained by 
the first sensor 32 disappear from the waveform of the 
detected signal obtained by the second sensor 33. 
[0085] The detected signals obtained in the afore- 
mentioned embodiment can be determined as indicated 
below. 

[0086] For example, with respect to the detected 
waveforms shown in Figs. 9 and 10, a high-pass filter 
removes the DC component and the signal waveform in 
a pulse shape is taken out. From the taken out signal 
waveforms, the number of pulses at a fixed voltage or 
higher is counted for the signals before and after heat- 
ing. By ascertaining that the respective counts are the 
intrinsic predetermined numbers of the article for validity 
determination, that is, the value before heating is 3 and 
the value after heating is 1, the validity can be deter- 
mined. 

[0087] Or, after the high-pass filter removes the DC 
component and the signal waveform in a pulse shape is 
taken out, the signal is rectified to a DC signal. This DC 
signal is integrated and compared with the intrinsic pre- 
determined numbers of the article for validity determi- 
nation in magnitude. Namely, by ascertaining that the 



value before heating is larger and the value after heating 
is smaller, the validity can be determined. 

Embodiments 4 and 5: 

5 

[0088] As a magnetic powder, Ni ferrite is selected, 
and Zn is selected so as to control the Curie tempera- 
ture, and B 2 0 3 is combined and used as a glass forming 
material, and the composition is changed, and a (Ni, Zn) 
10 Fe 2 0 4 series is produced by way of trial. 

[0089] Firstly, the raw materials are sufficiently mixed 
and the mixture is put into a platinum vessel having a 
nozzle at its end. 

[0090] Next, the mixture is heated up to 1450°C by 
15 high frequency induction heating, pressured from above 
the platinum vessel , and put and suddenly cooled on the 
dual iron rollers with a diameter of 500 cm and a number 
of revolutions of 500 rpm and an amorphous material 
with a thickness of about 50 u.m is obtained. 
20 [0091] The obtained amorphous material is heat- 
treated in the air at 750°C for one hour and target fine 
particles of ferrite are crystallized. The glass forming 
material of the sample is dissolved and removed by a 
dilute acetic acid and the remaining powder is cleaned 
25 with water and dried. 

[0092] Among magnetic powder with a particle diam- 
eter of 50 to 1 00 nm expressed by Ni 1 . x Zn x Fe 2 0 4 , three 
kinds of X = 0.7, 0.75, and 0.8 are mixed at a rate of 1 : 
1 :1 so as to form ink. A high-resolution ink jet printer as 
30 Embodiment 4 prints a paper using this ink. 

[0093] Respective kinds of magnetic powder of X = 
0.7, 0.75, and 0.8 are formed as ink and individual pa- 
pers are printed in a stripe shape at different positions 
by the same method as Embodiment 5. 
35 [0094] These samples are detected repeatedly by a 
contact type magnetic head and the durability is ascer- 
tained. It is ascertained that no change is found in the 
output by detection of 1000 times. 
[0095] Furthermore, the sample of Comparison ex- 
40 ample 1 is detected repeatedly by the contact type mag- 
netic head in the same way as with Embodiments 4 and 
5, and the durability is ascertained, and it is found that 
when the detection is repeated 1000 times, the output 
is reduced to about 2/3 of the initial value. The reason 
45 is considered as that since the particle diameter of the 
magnetic powder is comparatively large, powder exist- 
ing on the surface without entering between fibers of the 
paper is omitted due to friction with the head caused by 
high-speed movement. 
so [0096] The magnetic powder for validity determining 
ink of the present invention is satisfactory in the output 
and durability, applicable to various printing arts, and 
high in the reliability, determining speed, and forgery 
preventive effect. 
55 [0097] By the manufacturing method of the present in- 
vention for magnetic powder for validity determining ink, 
magnetic powder having a desired small particle diam- 
eter which is satisfactory in the output and durability, ap- 



8 



<EP 1 134752A2_I„> 



15 



EP 1 134 752 A2 



16 



plicable to various printing arts, and high in the reliability, 
determining speed, and forgery preventive effect can be 
obtained easily. 

[0098] Furthermore, when the magnetic ink for validity 
determination of the present invention is used, a printing 
member for validity determination which is satisfactory 
in the output and durability, applicable to various printing 
arts, and high in the reliability, determining speed, and 
forgery preventive effect can be provided easily. 
[0099] Furthermore, the printing member for validity 
determination of the present invention is satisfactory in 
the output and durability and high in the reliability, de- 
termining speed, and forgery preventive effect. 
[0100] Further, when the detecting device for the 
printing member for validity determination of the present 
invention is used, magnetic information that is high in 
the reliability and forgery preventive effect can be de- 
tected easily. 

[0101] Furthermore, when the validity-determining 
device of the present invention is used, magnetic infor- 
mation that is high in the reliability and forgery preven- 
tive effect is detected and the validity can be determined 
quickly. 



Claims 

1. Magnetic powder for validity determining ink com- 
prising magnetic oxide powder having a Curie tem- 
perature between -50°C and 150°C and a mean 
powder particle diameter of 1 0 ujti or less. 

2. Magnetic powder according to Claim 1 , wherein the 
magnetic oxide powder is ferrite series magnetic 
powder having coercive force of 20,000 A/m or less. 

3. Magnetic powder according to Claim 1 or2, wherein 
the magnetic oxide powder contains nickel ferrite 
as a main component. 

4. A manufacturing method for magnetic powder for 
validity determining ink, comprising the steps of: 

dissolving a magnetic oxide material and a 
glass forming material to obtain a mixture there- 
of; 

cooling the mixture rapidly to make the amor- 
phous magnetic oxide; 

heat-treating the amorphous mixture to crystal- 
lize the magnetic oxide; and 
removing the glass forming material from the 
crystallized mixture to obtain magnetic oxide 
powder having a mean powder particle diame- 
ter of 1 0 u.m or less. 

5. Magnetic ink for validity determination including first 
magnetic powder having a Curie temperature be- 
tween -50°C and 150°C and a mean powder parti- 



cle diameter of 1 0 |im or less. 

6. Magnetic ink according to Claim 5, wherein the 
magnetic ink further includes second magnetic 

5 powder having a second Curie temperature differ- 

ent from the first Curie temperature. 

7. Magnetic ink according to Claim 5 or 6, wherein the 
magnetic ink further includes second magnetic 

10 powder having second coercive force different from 
first coercive force of the first magnetic powder. 

8. A printing member for validity determination, com- 
prising 

75 

a base (10), 

a first magnetic image (12) printed on the base 
with first magnetic ink including first magnetic 
powder having a first Curie temperature; and 
20 a second magnetic image (13) printed on the 

base with second magnetic ink including sec- 
ond magnetic powder having a second Curie 
temperature higher than that of the first mag- 
netic powder. 

25 

9. A printing member according to Claim 8, wherein at 
least one of the first magnetic powder and the sec- 
ond magnetic powder has a Curie temperature be- 
tween -50°C and 150°C and a mean powder parti- 

30 cle diameter of 1 0 jim or less. 

10. A printing member according to Claim 9, wherein 
the first magnetic powder and the second magnetic 
powder have an iron oxide as a main component. 

35 

11. A printing member according to Claim 10, wherein 
at least one of the first magnetic powder and the 
second magnetic powder has at least one kind se- 
lected from a group of nickel ferrite, copper ferrite, 

to and manganese ferrite as a main component. 

12. A printing member according to one of claims 8 to 
1 wherein the first magnetic image and the second 
magnetic image are overprinted. 

45 

- 13. A detecting device for a printing member for validity 
determination, comprising: 

means (35) for conveying a printing member 
so (11) for validity determination having a first 

magnetic image (12) printed with first magnetic 
ink including first magnetic powder having a 
first Curie temperature and a second magnetic 
image (13) printed with second magnetic ink in- 
55 eluding second magnetic powder having a sec- 

ond Curie temperature higherthan the same of 
the first magnetic powder; 
a heater (34) for heating the printing member 
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(11) for validity determination to a temperature 
higher than the first Curie temperature and low- 
er than the second Curie temperature; and 
magnetic characteristic detecting means (32, 
33) for detecting magnetic characteristics from 
the heated printing member for validity deter- 
mination. 

14. A device according to Claim 13, wherein at least 
one of the first magnetic powder and the second 
magnetic powder has a Curie temperature between 
-50°C and 150°C and a mean powder particle di- 
ameter of 1 0 u.m or less. 

1 5 A device according to Claim 1 3 or 1 4, wherein the 
t rst magnetic powder and the second magnetic 
powder have an iron oxide as a main component. 

16. A device according to one of claims 1 3 to 1 5, where- 
m i he first magnetic powder or the second magnetic 
powder has at least one kind elected from NiZn fer- 
ntc Ci.Zn ferrite, and MnZn ferrite as a main com- 
ponent 

1 7. A dcv.ee according to one of claims 1 3 U> 1 6, where- 
in the magnetic characteristic detection means in- 
duces 

a first magnetic detecting section (32) installed 
at a preceding stage of the heater; and 
a second magnetic detecting section (33) in- 
stalled at a later stage of the heater via the heat- 
er 

18. A device according to claim 1 7, comprising 

the first magnetic detecting section (32) for de- 
tecting magnetic characteristics from the print- 
ing member for validity determination; 
the second magnetic detecting section (33) for 
detecting magnetic characteristics from the 
printing member for validity determination; and 
a validity determining section (36) for determin- 
ing validity of the printing member for validity 
determination from a first magnetic property de- 
tected by the first magnetic detecting section 
and a second magnetic property detected by 
the second magnetic detecting section. 
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